
































































































































































































































































































































































































































This publication is available from the NASA Center for AeroSpace Information, 301–621–0390.

REPORT DOCUMENTATION PAGE

2. REPORT DATE

19. SECURITY CLASSIFICATION
 OF ABSTRACT

18. SECURITY CLASSIFICATION
 OF THIS PAGE

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA  22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC  20503.

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102

Form Approved

OMB No. 0704-0188

12b. DISTRIBUTION CODE

8. PERFORMING ORGANIZATION
 REPORT NUMBER

5. FUNDING NUMBERS

3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE

6. AUTHOR(S)

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT

13. ABSTRACT (Maximum 200 words)

14. SUBJECT TERMS

17. SECURITY CLASSIFICATION
 OF REPORT

16. PRICE CODE

15. NUMBER OF PAGES

20. LIMITATION OF ABSTRACT

Unclassified Unclassified

Final Contractor Report

Unclassified

1. AGENCY USE ONLY (Leave blank)

10. SPONSORING/MONITORING
 AGENCY REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Available electronically at http://gltrs.grc.nasa.gov

National Aeronautics and Space Administration
Washington, DC  20546–0001
and
U.S. Department of Energy, Office of Coal Utilization
Washington, DC  20545

October 1981

NASA CR–165367
DOE/NASA/0148–1
DDA EDR 10594

E–14187

WU–None
DEN3–148

204

Low NOx Heavy Fuel Combustor Concept Program

A.S. Novick and D.L. Troth

Gas turbine engines; Combustors; Fuels; Exhaust emissions; Fuel bound nitrogen;
Low NOx

Unclassified -Unlimited
Subject Category: 44

Detroit Diesel Allison Division
General Motors Corporation
P.O. Box 894
Indianapolis, Indiana 46206

Final Report. Prepared under Interagency Agreement DE–AI01–77ET13111. Project Managers, H. Yacobucci and
J. Notardonato, Aerothermodynamics and Fuels Division, NASA Lewis Research Center, Cleveland, Ohio 44135.

The purpose of this program was to develop the "dry" technology required to operate an industrial gas turbine combustion system on
minimally processed, heavy petroleum or residual fuels having high levels of fuel-bound nitrogen (FBN) while producing acceptable
levels of exhaust emissions. Also, a combustor utilizing this technology was to be fabricated and tested to demonstrate fuel flexibility
and low exhaust emissions in a combustor rig test. For this program Detroit Diesel Allison (DDA) chose its Model 570-K industrial
gas turbine engine as the candidate engine to receive this technology. Three fuels were supplied for the combustor test demonstrations:
a typical middle distillate fuel represented by the Experimental Referee Broad Specification (ERBS) fuel, a heavy residual fuel, and a
synthetic fuel represented by a coal derived liquid SRC-II (Solvent Refined Coal) fuel. Three combustor concepts were designed and
fabricated to achieve fuel flexibility with low exhaust emissions. The primary concept was an air staged, variable-geometry combustor
designed to produce low emissions from fuels having high levels of FBN. This combustor used a long residence time, fuel-rich
primary combustion zone followed by a quick-quench air mixer to rapidly dilute the fuel rich products for the fuel-lean final burnout
of the fuel. This combustor, called the Rich/Quench/Lean (RQL) combustor, was extensively tested using each fuel over the entire
power range of the Model 570-K engine. Also, a series of parametric tests was conducted to determine the combustor's sensitivity to
rich-zone equivalence ratio, lean-zone equivalence ratio, rich-zone residence time, and overall system pressure drop. The RQL
combustor was very successful in achieving program goals. Minimum nitrogen oxide emissions (NOx) were measured at 50 to
55 ppmv at maximum continuous power for all three fuels. Smoke was less than a 10 SAE smoke number.


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

